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MAGNETIC WRITE HKAD WITH PRECONDI TIONING GAP 
Background and Summary 

At present, most digital magnetic recording 
systems, such as those used for hard disk drives for 
personal computers, do not erase previously recorded data 
before recording new data. This is commonly known as 
5 recording in a direct overwrite mode. However, it has 
been found that writing in a direct overwrite mode 
increases the uncertainty of the exact location where a 
magnetic transition has been placed corresponding to the 
new data. This uncertainty reduces the system's signal - 
10 to-noise ratio (SNR) which has the practical limitation 
of reducing the system's effective storage capacity. As 
the bit lengths in digital recording become shorter from 
their already submicrometer dimensions, the ability of 
existing systems to write sharp transitions at particular 
15 locations lessens due to the previously written data 

encountered in the direct overwrite mode. As a result, 
signal degradation in the form of signal amplitude 
reduction, output pulse shape broadening, and pulse 
position shifts are experienced. This continuing 
progress in reducing the size of bit lengths and track 
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magnetic gap for deep penetration of the magnetic field 
into the medium; and may use a single DC or AC applied 
current to erase the medium. However, there are problems 
in utilizing this approach with digital magnetic 
recording systems including the problem of physically 
aligning the two heads with respect to each other and 
with respect to the track to be overwritten. At present 
data densities and track dimensions, this is at least 
difficult and perhaps overwhelmingly challenging with 
track pitches projected to be 100 nanometers or less, 
especially considering that the heads must be 
consistently aligned over time, with temperature and 
other mechanical deviations providing further 
complications; Still another approach would include 
15 fabricating a second head to perform the erase function 

directly over the conventional write head. This approach 
could be considered in thin film heads which are widely 
used for digital magnetic recording systems. However, 
there would be significant cost and complexity added to 
the manufacturing process due to the additional steps 
involved with this approach. 

To solve these and other problems in the prior 
art, the inventor has succeeded in developing a design 
for a thin film head with an integrated preconditioning 
gap which may be constructed with only a slight 
modification to the present manufacturing techniques 
utilized to construct thin film recording heads. It is 
anticipated that this modified construction may be 
achieved with only a small processing cost and without 
significantly reducing the expected yield of the delicate 
thin film manufacturing process. In essence, the 
inventors' design utilizes the same layering of a first 
magnetic pole piece, a pancake magnetic coil, and a 
second magnetic pole piece magnetically coupled to the 
first pole piece with one set of edges being spaced to 
form the magnetic gap therebetween. However, the bottom 
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pole piece, P 3 (106) overlies pole piece P 2 (104) and the 
back half of coil 102 where it is magnetically coupled to 
pole piece P 1 at its rear most end 108. As perhaps is 
best shown in Fig. 3(d), coil 102 thereby surrounds pole 
piece P 2 (104), similar to the prior art construction 
shown in Fig. 2, however, a second magnetic circuit is 
formed between pole piece P 2 (104), the back half of pole 
piece P x (100) which is joined at junction 108 to pole 
piece P 3 (106) to thereby form a preconditioning gap 110 
between the tip 112 of pole piece P 2 (104) and the tip 114 
of pole piece P 3 (106). This second, preconditioning gap 
110, is in addition to the write gap 116 formed between 
the tip 112 of pole piece P 2 (104) and the tip 118 of pole 
piece P x (100) . 

In the present invention, the preconditioning gap 
110 serves to ^precondition^ or magnetize into a known 
state, the magnetic medium prior to its presentation to 
the write gap 116. As this magnetization induced by 
the preconditioning gap 110 is well known, and is 
directly related to the write field as it is being driven 
by the same write current, much more precise placement of 
the transition onto the medium may be achieved. This 
will provide a significant improvement in the SNR and 
accommodate an increase in the system capacity by 
increasing data density. Although the dimensions for 
write gap 116 and preconditioning gap 110 may be selected 
as desired to accommodate any particular application, the 
inventor contemplates that a write gap of between about 
.15 and about .25 microns is presently considered 
typical, and these dimensions are decreasing as 
development continues such that a write gap of . 10 
microns is expected soon. Similarly, the preconditioning 
gap 110 width may be chosen as desired but the inventor 
contemplates that a width of approximately .5 microns or 
less will provide the preconditioning effect as desired 
for preconditioning the magnetic medium. Similarly, the 
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prior to its being Joined as at joint 164 using 
convenient manufacturing methods, as known in the art 

The present invention may be implemented xn the 
ring head coil 174 in a construction as depicted in 
5 Figure 6. In that construction, a center l-shaped pole 
piece 176 having a coil 178 wrapped therearound is 
surrounded on either side by a C-shaped pole piece 180 
and a C-shaped pole piece 182, both of which are 3-ned 
at an end to the l-shaped pole piece 166 at joxnts ,184, 
10 186. A write gap 9l is formed between the ends 188 of 
C-shaped pole piece 180 and end 190 of l-shaped pole 
piece 176. A preconditioning gap g 2 is formed between the 
end 192 of C-shaped pole piece 182 and end 190 of 
Lshaped pole piece 176. In ring coils, write gaps may 
15 be somewhat larger than those in presently manufactured 

thin film heads. For example, write head gap Bl may be of 
a size of approximately .2 microns up to .5 microns, and 
even larger depending upon the particular application 
such as for video tape, etc. For purposes of the present 
20 invention, it is only important that the width of 

preconditioning gap g 2 be chosen as is sufficient to 
precondition the magnetic medium prior to its bexng 
written on with write gap 9l . In the preferred 
embodiment, the inventor contemplates that the 
25 preconditioning gap g 2 is larger than the write gap g,- 

Still another aspect of the present invention xs 
the improvement in the head field gradient, and the 
ability of the manufacturer to alter and adjust the head 
field gradient by adjusting the gap widths. As shown by 
the inventors' prior work, the head field gradient may be 
sharpened to facilitate the writing of sharp transxtxons 
on a magnetic medium by locating a shim in an exxstxng 
write gap. However, until the present invention, a 
physical embodiment or construction to implement a shxm 
placement has not been known. With the present 
invention, an integral construction is provided whxch 
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lends itself readily to location of the center pole piece 
and its use as part of both the write gap and 
preconditioning gap for achieving an improved or 
sharpened head field gradient. This sharpened head field 
gradient also renders the head more suitable for 
perpendicular recording for which sharp transitions are 

especially important. 

Still other variations in construction may be 
considered and implemented by those skilled in the art in 
order to facilitate manufacture, or for other reasons, 
and yet not depart from the spirit and scope of the 
invention. The present invention shall not be considered 
to be limited to the construction of the preferred 
embodiment as has been previously described and instead 
should be limited only by the scope of the claims 
appended hereto, and their equivalents. 



